quantification using mass spectrometric data-independent acquisition (DIA) is a robust method for deep and accurate proteome quantification 1 . Here we report PIQED, a workflow and open-source software tool with a graphical user interface (GUI), that enables completely automated post-translational modification (PTM) identification and quantification exclusively from DIA ( Fig. 1a) (https://github.com/jgmeyerucsd/PIQEDia/releases/ tag/v0.1.2).
useful for medium-to-large data sets and calculates prey specificity scores for each prey-bait pair (Fig. 1e) . The specificity scores are helpful in identifying preys preferentially associated with one or a small number of baits amongst a number of related baits. Available scores include a crude fold-enrichment calculation as well as reimplementation of scores from the Comparative Proteomics Analysis Software Suite (CompPASS) 2 . Finally, the bait-bait comparison tool takes information on two baits, as selected by the user, and plots their significant preys in a way that allows for comparison in a compact scatterplot (Supplementary Protocol). Results from each analytical tool at ProHits-viz can be passed directly to interactive visualization interfaces or downloaded as a folder that contains images in PDF format. Details about each tool and usage options can be found in the Supplementary Protocol and Supplementary Methods.
The interactive dot plot and heat map viewer of ProHits-viz enables visualization of the results from the dot plot and correlation tools directly in the browser. For large images, axis labels will follow the page as it scrolls, small labels can be selectively enlarged using fisheye zooming and regions of interest can be zoomed into for closer inspection (Fig. 1b,c) . Zooming enables deletion or reordering of particular rows and columns ( Fig. 1c ; Supplementary Protocol) as well as Gene Ontology, domain and network analysis of the selected plot region. The scatter plot viewer enables exploration of the images generated by the specificity and bait-bait comparison tools, and it supports zooming and selective node labeling. All images can be exported directly from the interactive viewers in Scalable Vector Graphics (SVG) format.
ProHits-viz provides an easy-to-use, interactive user interface for visualization, analysis and generation of publication-quality figures for interaction data. We will expand the toolkit in the future to incorporate user input and support new technologies and experimental protocols as needed.
(Supplementary Note), we retained 134 phosphorylation sites from 67 proteins. Although human serum albumin (HSA) was not changed at the protein level, PIQED analysis automatically identified and quantified phosphorylation of Ser82 (p-Ser82) in HSA, which was significantly increased in urine from children diagnosed with urinary tract infection (39-fold increase with FDR = 1.1 × 10 -6 ), but not ovarian cyst, relative to the control group (Supplementary Fig. 3 ) using any combination of normalization options (Supplementary Fig. 4) . Additional examples of annotated phosphopeptide peptide-spectrum matches are presented in Supplementary Figure 5 .
In conclusion, PIQED provides a complete, automated workflow for PTM identification, quantification, and statistical testing from DIA-MS data.
Data availability statement. The current PIQED software is available from GitHub (https://github.com/jgmeyerucsd/PIQEDia/ releases/tag/v0.1.2) under GNU General Public License v3.0. Updated and future software versions will be available from https://github.com/jgmeyerucsd/PIQEDia. The raw data for the acetyllysine study are available at MassIVE using data set identifier MSV000080189. The raw data from the urine reanalysis are available as originally published at PeptideAtlas (data set identifier PASS00706). Source data for Figure 1 are available online. targeted extraction in Skyline is performed using signals confidently detected by DIA-Umpire, ensuring that mProphet can easily separate true and false peak score distributions. Rare peak integration errors are filtered after integration by mapDIA 5 , which uses several fragment-level interference filters. Coefficients of variation (CVs) for these peptides among three technical replicates were excellent; nearly 70% of CVs were below 10%, and 90% of CVs were below 20% (Fig. 1c) . mapDIA filtering and significance testing of site-specific lysine acetylation resulted in accurate and precise quantification when we compared technical replicates using 0.5-fold or 1-fold volume injections of enriched acetylated peptides (Fig. 1d) . We identified a total of 1,385 ± 21 acetylated peptides in 3 replicates, indicating the consistency of PIQED analysis (Fig. 1e) .
We also reanalyzed a published Q-Exactive DIA data set from human urine 6 . Although no phosphopeptide enrichment was performed, PIQED confidently identified and quantified 448 unique phosphopeptides, localizing to 159 phosphorylation sites in 81 proteins. When the optional protein quantity correction was used
